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(54) METHOD AND DEVICE FOR FORMATION OF FILM BY SPUTTERING 

(57)Abstract: 

PURPOSE: To make the distributions of deposited film thicknesses uniform by flowing electric 
currents of prescribed periods to electromagnets, and changing the magnetic induction forces 
energized in the inside and outside electromagnet coils thereby changing the diameter of plasma 

rings. 

CONSTITUTION: A packing plate 22 to serve as the cathode is provided to a target flat plate 21, 
and a yoke 23 which generates prescribed magnetic flux distributions in the hollow space 29 over 
the ist plane of the plate 21, inside, outside electromagnet coils 24, 25, a central magnetic pole 
terminal 26. inside, outside magnetic pole terminals 27, 28, an electrode support 30, and an O- 
ring 31 are provided. A shield 32 to serve as the anode is provided via an insulation spacer. When 
sputtering is effected by applying a high voltage power source, plasma rings are generated in the 
space 29 over the plate 21 . If the difference in the magnetic induction forces to be applied upon 
the coils 24, 25 is decreased to decrease the diameter of the plasma rings, the thickness 
distributions of the formed films of a curve 62 are obtained. If the difference is increased, a 
curve 61 is obtained, and the synthetic films of a curve 63 are distributed on a substrate 20 to 
be formed with films, whereby the uniform thickness of the formed films is obtained. 
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In consideration that when magnetic flux lines are 
generated from one magnetic flux source, an attraction 
force or a repulsive force which is a Maxwell stress acts 
between the magnetic flux lines without interlinking 
between magnetic fluxes in nature, the invention provides a 
planer magnetron sputtering device which is configured to 
include one magnetic flux source having at least three 
magnetic pole planes and control a flux content generated 
in some of the magnetic pole planes to easily and widely 
move areas in which a flux content generated in the 
remaining magnetic pole plane and a distribution thereof 
are formed, that is, regions where plasma is formed. By 
flowing a current varying with a predetermined cycle during 
a sputtering processing to electromagnets provided in some 
of magnetic pole bodies, and simultaneously 
increasing/reducing sputtering power by synchronizing with 
the predetermined cycle, a sputtering amount is 
increased/reduced while circular-plasma generating areas 
are moved with the predetermined cycle at least one or more 
times. Film-forming is performed by combination of film 
thicknesses obtained in the circular-plasma generating 
areas . 

Hereinafter, the invention will be described in 
detail based on embodiments illustrated in the drawings. 

Figs. 2 and 3 are schematic cross-sectional views 
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illustrating an embodiment of an electrode portion of a 
sputter electrode structure according to the invention. As 
main components of the electrode portion, a target flat 
pate 21 (254 «|)itim, thickness 20 mm, Al-2%Si) , a packing 
plate 22 (made of copper) which fixes the target flat pate 
21 by, for example, a suitable brazing means and serves as 
a cathode, a yoke for generating a magnetic field 23 which 
serves as means for generating predetermined magnetic flux 
distributions in a hollow space over a first plane of the 
target flat pate 21, an inside electromagnet coil 24, an 
outside electromagnet coil 25, a central magnetic pole 
terminal 26, an . inside magnetic pole terminal 27, an 
outside magnetic pole terminal 28, an electrode support 30, 
a rolling 31, a shield 32 which serves as an anode, and an 
insulation spacer 33 are provided. 

In the embodiment illustrated in Fig. 2, the 
target flat pate 21 has a circular shape, since a substrate 
which is used as a target for film-forming in this 
embodiment has a circular shape. However, it is preferable 
to provide a rectangular target flat pate when a 
rectangular substrate is used. That is, the circular 
electrode portion of the electrode structure described in 
this embodiment is one example, and a rectangular electrode 
portion does not depart from the scope and spirit of the 
invention. 

In addition, a flow passage 34 through which 
coolant such as water passes is formed on a rear side of 
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the packing plate 22 , and pipes 35 and 36 which supply the 
coolant from the outside to the flow passage 34 via the 
yoke for generating a magnetic field 23 or the like and 
discharge the coolant are provided to cool the target flat 
plate 21. 

Fig. 4 is a schematic view illustrating the 
configuration of a power source for excitation of the 
electrode structure. As main components of the excitation 
power source, two current supply circuits are mounted for 
completely separately controlling the inside electromagnet 
coil 24 and the outside electromagnet coil 25. A 
microprocessor 41 and a memory 42 are used, such that the 
current to be applied to the inside and outside 
electromagnet coils 24 and 25 of the excitation power 
source is completely randomly set, that is, the current is 
not time-serially varied but is set to a current waveform 
such as a rectangular waveform, a triangular waveform, and 
an AC waveform having a constant current or a constant 
cycle. Information about a predetermined current waveform 
is supplied from a keyboard 43 or a suitable external 
memory device 40 (for example, magnetic tape, magnetic 
disc) . An output from the microprocessor 41 is applied to 
digital-analog signal converters 44a and 44b (D-A 
converter) . Then, the output from the digital-analog 
signal converters is amplified to be a predetermined 
intensity by current amplifiers 45a and 45b such that the 
inside and outside electromagnet coils 24 and 25 can be 
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excited* 

Since the excitation power source illustrated in 
Fig. 4 has the inside and outside electromagnet coils 24 
and 25 as a control target, the excitation power source is 
a power source having constant current characteristics. 
Further, the excitation power source has means which 
detects the output current, that is, current values of the 
electromagnets, by output current detecting units 4 6a and 
4 6b, compares it with a predetermined current value from 
the D/A converters 44a and 44b, and gathers the information 
to the current amplifiers 45a and 45b for performing 
correction. 

As a high-voltage power source for supplying 
discharge power causing the sputtering to be performed, 
that is, a sputter power source, a well-known source with 
an output voltage of 0 to 8 00 V and an output current of 0 
to 15 A was used. In addition, as is well known, the high- 
voltage power source has constant current output 
characteristics in order to control the current to be 
applied to glow discharge. 

As describe above, a sculptured area in which the 
sputtering has been performed on the target flat pate is 
disposed substantially just below the position in which 
plasma rings are generated. Upon generation of the plasma 
rings, electromagnetic vectors, that are distant from the 
first place of the target flat plate by a distance of 10 to 
20 mm, in the hollow space over the first plane of the 
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target flat pate, are focused to an area which is parallel 
to the first plane of the target flat pate, under the 
condition in which a sputter pressure is a sputter pressure 
of about 1 to 10 mtorr for a general planer magnetron 
sputtering device. Then the plasma rings are generated. 
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